Objective: The aim of this study was to investigate changes of leptin concentration in plasma in patients with spinal cord injury to come to a single concept by using a Meta-analysis. Setting: Systematic Review. Methods: Searching relevant articles was performed in Ovid data base, Medline (PubMed) EMBASE, Google Scholar, Cochrane and Scopus up to February 2013. Five articles were selected using two independent reviewers. Analysis were performed using SPSS version 18 and Comparative Meta-analysis software version 2.0. Results: The combined analysis with confidence interval of 95% using comprehensive meta-analysis showed significant higher leptin levels in patients with spinal cord injury in comparison with able bodies (Po0.0001). The effect of spinal lesion level on plasma leptin concentration was also statistically significant (Po0.0001). Body mass index was positively related to plasma leptin concentration in both groups (Po0.0001).
INTRODUCTION
Leptin is a 16 deka-protein hormone that plays a key role in the balance between energy expenditure and consumption. Leptin is one of the adipo-derived hormones 1 that can be varied by body composition alternation in various pathological conditions. In fact lipoatrophy or other changes of body compositions that occur in known population (ie, HIV-positive 2 and spinal cord injured 3,4 ) may influence on leptin level and function. Leptin may also play a part in developing insulin resistance, 5 glucose intolerance 6 and increased cardiovascular diseases risks 7, 8 so understanding the alterations of its plasma concentration after SCI may lighten new points in this field. In patients with spinal cord injury (SCI) the elevated level of leptin in serum has been previously reported 3, 4, [9] [10] [11] but still the need of a combined analysis of changes in leptin concentration in spinal cord injured patients thorough systematic reviews and Meta analysis were felt. Although the investigations on leptin effects and changes after spinal cord injury are extremely limited, a constant agreement on elevated level of leptin in this group of patients is noticeable. However some controversy still exists especially about the effect of injury level and body mass index (BMI) on leptin level. The purpose of this study was to combine the results of published articles about leptin level in patients with spinal cord injury and to report a single expression by interpreting these data using a Meta analysis.
MATERIALS AND METHODS
No other individuals or organizations beyond the listed authors and mentioned affiliations contributed in analysis and writing the manuscript.
Authors are the only responsible individuals in declaring accuracy of article content through the process of drafting, analyzing and editing the content of this study.
The searching process of relevant articles was performed by using key words of 'leptin' and 'spinal cord injury' in Medline (Pubmed), EMBASE, Google Scholar, Ovid, Cochrane and Scopus. The references of retrieved articles were also scanned to seek possible relevant articles which were not detected by standard searching methods. All potential relevant articles published up to February 2013 were reviewed. All searches were conducted by two different reviewers separately. Although no language limitation was enforced, no relevant article was found in any languages other than English.
By considering this fact that investigations on changes of leptin level after spinal cord injury on human models were so limited we tried not to exert strict inclusion and exclusion criteria. However our inclusion criteria were: 1. human study population, 2. Existence of a control group for a proper comparison. 3. Adequate and suitable measurement of leptin concentration. 4. Post injury duration of at least one year. Exclusion criteria included animal models investigations, external administration of leptin as an intervention and studies with lack of comparative data. All of the selected studies were observational comparative with a control group with no intervention (case-control studies).
Final study selection was also performed by two independent reviewers. General data including number of cases, mean age, weight and BMI was retrieved as well as post injury duration and lab data. Only one of the selected articles evaluated leptin level on 24, 36 and 48 weeks after injury in patients with post injury duration mean of 3 months 3 while other articles reported these values years after injury. Due to assimilate retrieved data, only values of 48 weeks (1 year) after injury entered into analysis.
Categorical data were described as percentages and case numbers while continuous variables are reported as mean ± standard deviation. Agreement between reviewers was described with Cohen kappa. Statistical homogeneity was checked by chi-square test and I 2 using Cochran heterogeneity statistic as Q 12 . We used correlation analysis with confidence interval of 95% to evaluate the difference mean and s.d. between leptin concentration in SCI patients and controlled group in included studies. Analysis was performed using SPSS version 18 and Comparative Meta-analysis software version 2.0.
RESULTS
Five articles were finally selected from the initial 15 citations as they met our inclusion criteria. All these articles performed no interventions and were merely observational. Only one of the selected study followed patients for 48 weeks. 3 All the other studies were comparative cross-sectional with existence of a matched control group. Agreement of study inclusion by Cohen Kappa was satisfactory (0.8). Included studies investigated a total number of 194 patients with spinal cord injury. Patient population included male individuals in all studies to omit the bias effect of sex hormones on leptin level. As leptin function may vary between male and female individuals, 11, 13 enrolling only male patients seems reasonable. Base line features of included studies along with patients characteristics are summarized in Tables 1 and 2 . Common exclusion criteria in all five studies were: diabetes mellitus, eating disorders, liver disease, renal disorders, excessive alcohol intake, tobacco consumption, endocrine diseases, psychiatric disorders and intake of any medications that could affect hormone levels. Leptin concentration measurement was performed in all investigations by using commercial immuno-radiometric assay (IRMA) technique.
Almost all studies had an agreement on increased serum level of leptin in patients with SCI. A positive relationship between BMI and serum leptin concentration was previously reported by Huang and Maimoun et al. Our meta-analysis also revealed the strong effect of BMI on serum leptin concentration (Po00001) which confirms the previous reports (Figure 1 ), however it is noticeable that BMI may not be a good representative marker for obesity in patients with SCI 14 and cannot describe fat distribution in this group of patients. Wang et al. 6 demonstrated also higher level of leptin in SCI patients in comparison with able bodies. They also reported a higher leptin level in tetraplegic patients than paraplegics. Although this difference was not significant, it raised the hypothesis of relationship between injury level and leptin concentration. Due to investigate this aspect Wang et al.
divided injury level into two groups (above and below T6) and revealed a significant higher concentration of leptin in patient with injury level above T6. However previous studies of Maïmoun 3 and Huang 9 declared no significant difference in leptin level between tetraplegic and paraplegic patients. Jeon et al. 15 also reported a higher serum concentration of leptin in patients with higher lesion level.
Higher concentrations of leptin level in serum were statistically significant by analysis the leptin mean ± s.d. values in SCI and control group. The combined analysis with confidence interval of 95% using comprehensive meta-analysis showed significant higher leptin level in patients with spinal cord injury in comparison with able bodies (P-value o0.0001). Only one study (Maruyama et al.) was excluded during analysis due to lack of comparative data. The results are shown in Figure 2 .
While Maïmoun et al. and Huang et al. demonstrated no significant difference between paraplegic and tetraplegic patients in plasma leptin level, Wang et al. showed a significant higher plasma leptin concentration in patients with higher level of spinal cord lesion. Due to higher strength of study power in Wang's study our Metaanalysis results revealed a significant association between lesion level and plasma leptin concentration (Figure 3 ).
DISCUSSION
Leptin is a fat-derived hormone and is affected by body fat distribution. Assessment of alterations in leptin plasma concentration after SCI may lighten new points in etiologies of increased insulin resistance, 5 glucose intolerance 6 and cardiovascular diseases risk 7, 8 which are shown to occur in spinal cord injured patients. Despite the very limited investigations in this area, the lack of systematic reviews was felt which leaded us to perform a Meta-analysis due to report a single concept in this field.
The increased level of leptin after (SCI) was reported previously. Maïmoun et al. 3 reported that leptin level continuously increases when post injury duration exceeds 48 weeks. As this study was performed on patients with recent onset of spinal cord injury, no significant BMI difference existed between SCI patients and control group meaning that despite similar body composition between these two groups, higher level of leptin in spinal cord injured patients is significant. The results of this analysis show that higher level of leptin concentration in patients with spinal cord injury is statistically significant. Most of previously published studies agree on this fact that plasma leptin correlates positively with BMI and body weight [16] [17] [18] [19] but this effect in spinal cord injured patients is mostly due to changes of fat distribution because this group of patients may have increased leptin concentration in plasma despite decreased BMI. However our Mata-analysis showed a significant strong association between BMI and serum leptin concentration in both groups (Figure 1) . Huang et al. 9 reported that although leptin concentration is higher in patients with SCI than control group with matched BMI, body mass index was positively related with leptin level in both groups separately which is in line with Maïmoun results. Maruyama and et al. 20 also showed that total lean mass is decreased in spinal cord injured patients along with increased total fat mass and visceral fat area. Although BMI seems to be a poor representative marker for obesity in SCI population, 14 still the existence of a strong correlation between BMI and fat mass allows the mentioned comparison between Maıïmoun and Huang results. However a positive association with plasma leptin level and BMI has been frequently reported in patients with SCI 9, 20 which is in line with our outcomes. By considering this fact that body composition after spinal cord injury undergoes some massive changes 21, 22 including decreased total lean mass along with increased total fat mass and visceral fat area, the higher level of leptin in SCI patients was justified ( Table 3) . Changes of fat distribution may not be the only factor resulting in increased leptin level in spinal cord injured patients as Jeon et al. demonstrated that decreased sympathetic nerve activity that occurs in spinal cord injury leads to increased level of leptin due to higher risk of developing obesity. 15 The fact that sympathetic nerve dysfunction can lead to obesity was also previously reported by Peterson et al. 23 Wang et al. found a specific correlation between spinal cord lesion level and plasma leptin concentration but Maïmoun et al and Huang et al reported no significant difference between paraplegic and tetraplegic patients. Due to higher weight of Wang study (noticeable higher number of cases), the results of our Meta-analysis revealed a significant association between lesion level and plasma leptin concentrations ( Figure 3) . However, confirming the definite relationship Leptin changes after SCI S Latifi et al require more citations. As studies in this field are so limited, more investigations to evaluate spinal lesion level effect on leptin concentration are required.
CONCLUSION
Our meta-analysis shows that serum concentration of leptin is significantly increased in patients with SCI. although this raise is independent to BMI, body mass index have a significant positive correlation with leptin concentration in both spinal cord injured patients and normal controls. Moreover this meta-analysis insist on the effect of injury level on leptin concentration.
STUDY LIMITATION
The primary purpose of this study was to investigate alterations of leptin plasma concentration after SCI and determining factors that influence its level. Unfortunately the retrieved literatures were so limited and we could not perform proper comparison in assessing some factors that may influence on leptin concentration. This limited range of literatures has restricted our study power. However we have determined significant increased leptin plasma concentration after SCI and its relationship with injury level. Moreover further investigations including designing biomedical and experimental studies may lead to understanding biochemical pathways of these alterations.
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